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A strategic point 
in the battle for sales 


Today’s intense competition calls for new and more effective mer- 
chandising methods. Several plans pioneered by Bell System men are 
proving helpful. 

For example: the ‘‘Where to Buy It” section of the telephone book. 
Here local dealers are listed beneath the trade marks of advertised products 
—such as Plymouth, Greyhound Lines, Exide, RCA Victor. Thi service 
helps manufacturers to reduce substitution, helps dealers to increase sales, 
helps you to locate the brand you want. 
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LONG-SPAN BRIDGES 


By CHARLES M. SPOFFORD, °93 
Head of the Department of Civil Engineering 


HE art of bridge building 

has existed for over twenty 

centuries, but only within 

the last century has it ad- 
vanced beyond the Stone Bridge 
Age; its progress beyond that age 
awaited the development of iron 
and steam, steel and electricity, gas 
motors and the science of mechan- 
ics. The Romans were the first 
builders of enduring bridges. Some 
of their bridges and aqueducts still 
stand and have served to inspire 
bridge builders for two thousand 
years. The true arch type used by 
the Romans for their important 
structures was not, however, orig- 
inated by them, since such arches 
have been found in the ruins re- 
cently excavated by archaeologists 
of the University of Pennsylvania 
at Ur of the Chaldeans, the city 
from which Abraham set out on his 
journey to Canaan. These arches were built, accord- 
ing to the archaeologists, thirty-five hundred years 
before Christ. 

For locations where conditions are suitable and 
where cost is not the controlling factor, the stone arch 
bridge is still the most satisfactory of all bridges in 
its appearance and permanence. Many such bridges 
and aqueducts have become famous because of their 
age, beauty, or historical associations, such as the 
Pont du Gard in Southern France, and the Aqueduct 
at Segovia, Spain, both built by the Romans; the 
Pont du San Bénézet across the Rhone at Avignon, 
built in 1177-1185; and London Bridge across the 
Thames, completed in 1205, and still located on the 
original site although rebuilt several times. Other 
less ancient but famous European arch bridges are 
the Pont Vecchio, and Trinity Bridge across the Arno 
in Florence. 

While stone arch bridges can be built of indefinite 
length across shallow waters when the foundation 
conditions are suitable, they are not practical for the 
wide and deep portions of the great rivers of the Am- 
erican continent because their numerous piers would 
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interfere seriously with the flow of 
the river and with navigation. The 
long span required for the crossing 
of such streams awaited the quan- 
tity production of wrought iron 
and steel, since only the extensive 
use of these materials made it pos- 
sible to build spans of sufficient 
length to avoid interference with 
navigation and with river flow. As 
a result of the experience acquired 
in the construction of longer and 
longer spans and of the increased 
knowledge of the theory of struc- 
tures, it has been possible during 
the last century and a quarter to 
increase the span of bridges from 
the limited 200-foot stone arch to 
the mammoth single span of over 
five-eighths of a mile of the George 
Washington Bridge, across the 
Hudson in New York, and the still 
longer span of eight-tenths of a 
mile of the Golden Gate Bridge now under construc- 
tion at San Francisco. It is perhaps not inappropri- 
ate that these two greatest of all bridges should mark 
the Eastern and Western gateways to the North 
American continent. 

The increase in the span of bridges has, like many 
other important developments, exacted a great toll 
of human life. The destruction by gales in 1879 of 
the bridge across the Tay, with its loss of 75 lives; 
the failure in 1907 of the first Quebec bridge across 
the St. Lawrence during construction which cost the 
death of 77 employees; and the failure in 1887 of the 
Bussey Bridge in Roslindale, near Boston, with the 
death of 32 railway passengers, all had their effect 
upon bridge design. Today, however, our knowledge 
of both the art and the science of bridge building is 
such that we can be fully assured of the safety of our 
designs, and bridges are opened to unrestricted traffic 
without testing of any sort, except that of the quality 
of the materials used in the bridge. 

With the application of iron and steel to bridge 
building, came the development of the truss bridge 
and the suspension bridge. A bridge truss consists of 
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individual members, capable of carrying either direct 
tension or direct compression, which are connected 
in the field either by riveted plates or by cylindrical 
pins, the latter sometimes having a diameter as great 
as 24 inches. This form of construction uses material 
more economically than one in which the bending 
strength of the material is the important element. The 
suspension bridge makes use of cables consisting 
either of steel bars connected to the ends by pins as 
in truss bridges or by continuous wires extending from 
end to end of the bridge and bound together in large 
cables. 

The simplest form of truss bridge is one supported 
at the ends. The maximum span of such a bridge 
occurs in the Metropolis Bridge across the Ohio at 
Metropolis, Illinois, with its span of 720 feet. 

The cantilever bridge is one in which two or more 
trusses, each supported at two points on each side of 
the waterway, are projected out over the stream, the 
overhanging ends being used as the end supports for 
a truss of the simple type previously mentioned. The 
cantilever type is used in the longest railroad bridge 
spans yet constructed, the Forth Bridge in Scotland 
with a maximum span of 1710 feet, and the Quebec 
Bridge across the St. Lawrence, with its 1800-foot 
span, the longest clear span in existence until the com- 
pletion of the George Washington Bridge in 1931. 

The cantilever bridge as ordinarily constructed is 
discontinuous, which involves troublesome expansion 
joints and interruption of the truss lines. These dis- 
advantages are avoided in the continuous bridge in 
which the trusses are continuous over several spans. 
Moreover. this type is more economical than the can- 
tilever bridge if good pier foundations exist; other- 
wise, the cantilever has the advantage since any one 
or more of its piers may settle considerably without 
developing injurious and unknown forces. 

Continuous bridges have not been built so exten- 
sively as the cantilevers, due probably to the inade- 
quate knowledge of the theory of such structures 
amongst engineers of the older generation. At the 
present time, however, the theory is included in the 
regular undergraduate curriculum of the Massachu- 
setts Institute of Technology and doubtless in other 
first-class technical schools. 

The arch type of bridge has also been found to be 





Yale Scientific Mauaztne 
Adjudged the most beautiful bridge of 1932; the Bayonne Bridge, 
a span of the steel arch type 
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well adapted for long spans. Two steel arch bridges 
have recently been constructed with single spans of 
1652 and 1650 feet, respectively: the Kill Van Kull 
Bridge between Staten Island and the New Jersey 
shore and the Sydney Harbour Bridge in New South 
Wales. 

Of all types of steel bridges, the suspension bridge 
is the best adapted to long span highway bridges be- 
cause of ease of erection and economical use of ma- 
terials, although it has not been used in recent years 
for steam railroad traffic because of its lack of rigid- 
ity under the heavy locomotives and cars now used. 
The cables of such bridges are composed of cold-drawn 
steel wire, the strength of which is many times 
greater than that of other forms of steel, the breaking 
strength of such wires being in excess of 220,000 
pounds per square inch as compared with 60,000 to 
65,000 pounds for ordinary structural steels. More- 
over, the cables are subjected to tension only, which 
is the most economical way of using steel. 

The first suspension bridge used by man was prob- 
ably a vine suspended between trees and crossing ¢ 
gorge, but the first real bridge of which a record is said 
to exist is one built in China in 65 A.D. by the Em- 
peror Ming, and described as being 330 feet long with 
its floor laid directly upon the cables, thus giving a 
considerable gradient near the supporting piers. While 
suspension bridges of this type are said still to exist, 
they are not suitable for vehicular traffic which re- 
quires a rigid floor suspended from the cables. 

The present type of suspension bridge is largely an 
American product and has reached its greatest de- 
velopment in the United States. Small suspension 
bridges are said to have been built in Pennsylvania 
prior to 1809, and the bridge constructed in 1816 
across the Schuykill at Philadelphia, with a 408-foot 
span and an 18-inch wide footwalk, which was con- 
structed by the owners of a nearby wire factory, is 
said to have been the first suspension bridge making 
use of wire cables. 

The earlier suspension bridges generally had short 
lives, frequently collapsing under overload or being 
destroyed by gales soon after their construction. In 
1810, however, a highway bridge was built across the 
Merrimac River at Deer Island, three miles above 
Newburyport, with a span of 244 feet and two 
roadways each 15 feet wide, and was strong 
enough to allow for the passage of horses and 
carriages. The cables of this bridge consisted of 
chains with links 27 inches long, made from one 
inch square bars forged on the spot. The bridge 
was used for about one hundred years when it 
was replaced by a new bridge along the same 
lines as the original bridge. 

Probably the first really substantial long span 
suspension bridge ever constructed was the 
Menai Straits Suspension Bridge, designed by 
Thomas Telford. and opened to traffic on Janu- 
ary 30, 1826. This bridge has a span of 580 feet 
between piers and a roadway of 100 feet above 
the water level and seemed so remarkable an 
achievement that Robert Southey, Poet Laure- 
ate. was inspired to write the following lines to 
Telford, the engineer responsible for its design 
and construction. 


“TELFORD — who o’er the vale of Cambrian 
Dee. 

Aloft in air, at giddy height upborne, 

Carried his navigable road, and hung 
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The Military Engineer 


The St. Johns Bridge at Portland, Oregon, now the longest span in the West, will soon be dwarfed by the giant 
Golden Gate Bridge 


High o’er Menai’s Straits, the bending Bridge; 
Structures, of more ambitious enterprise, 
Than Minstrels, in the age of old romance, 

To their own Merlin’s magic lore ascribed.” 

Another long span, the Széchenyi Suspension Bridge, 
was built across the Danube at Budapest in 1839- 
1840. This bridge had a span of 665 feet, the cable 
consisting of hinged eyebars. It was designed and 
built under the direction of W. T. Clark, a distin- 
guished English civil engineer. 

These early suspension bridges were the precursors 
of the great Brooklyn Bridge with its span of 1595 
feet, which at the time of its construction, was con- 
sidered to be one of the wonders of the world. This 
remarkable bridge, designed and constructed under 
the supervision of John Roebling and his son, Wash- 
ington Roebling, was completed in 1883. It marked 
a notable development in the art of bridge building 
and clearly showed the possibility of building other 
bridges of far greater span whenever conditions should 
warrant it. Although this bridge was designed for 
the moderate traffic existing at the period of its 
construction, it has proved adaptable to modern traf- 
fic and still carries a dense volume of elevated rail- 
way, street car and ordinary vehicular traffic, in 
spite of the construction nearby of the Manhattan 
and the Williamsburg bridges and the building of 
numerous tunnels between New York and Brooklyn. 
The Brooklyn Bridge remained the longest span 
bridge in the world until the completion in 1890 of the 
cantilever bridge across the Firth of Forth in Scot- 
land, with two spans of 1710 feet each. 

The development of automobile traffic with the pos- 
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sibility of collecting large sums in tolls at bridges 
across waterways at sites hitherto impassable except 
by ferry, has in recent years given a great impetus 
to highway bridge construction in the United States 
and, as a result, the last decade has seen the construc- 
tion of such notable long span bridges as the Phila- 
delphia-Camden Bridge with its span of 1750 feet, the 
Ambassador Bridge in Detroit, with its span of 1850 
feet, and the most remarkable of all, the George Wash- 
ington Bridge across the Hudson, opened to traffic in 
1931, and having a span of 3500 feet, or practically 
twice the longest span previously constructed. This 
astonishing bridge represents no new principles of 
construction, but merely the application of methods 
first adopted in the construction of the Brooklyn 
Bridge and improved during the construction of other 
suspension bridges. Mr. Allston Dana, Course I, 
1908, was the designing engineer of this bridge, and 
Mr. O. H. Ammann, Aldred lecturer at M. I. T. in 
1931, was the chief engineer. 

The building of a suspension bridge involves no 
special difficulties and requires no falsework in the 
waterway, thus eliminating interruption to navigation 
and danger of destruction from ice and flood during 
erection. The first stage in the construction consists 
of the building of masonry piers and anchorages, the 
former to support the high towers over which the 
tables pass and the latter to anchor the cable ends. 
The pier foundations should go down to rock, which 
may be one hundred er more feet below the river sur- 
face. Deep foundations, such as these, may be built 
by the use of pneumatic caissons from which the water 


(Continued on page 122) 
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259 pound puddle ball of the Hand 
being taken from furnace to squeezer 


N this age of materialism no industry in the popu- 

lar mind is more materialistic than the iron 

industry. And yet, there is a romance and a 

history associated with this ancient industry 
which parallels achievements and events commonly 
credited as being most glamorous and heroic. In fact, 
looking back into those periods in history when war 
set the standard for romance and heroism, one finds 
that its achievements were closely linked with the 
availability of iron weapons, and that the progress of 
man through the ages has always been associated 
with, and largely dependent upon, developments in 
the field of ferrous metals. 

Iron has had a utility going back into ancient, or 
even prehistoric times. It is commonly stated to have 
been known and used upwards of 5000 years ago. Un- 
doubtedly, this earlier iron was of meteoric origin. 
However, it is accepted that the transition from the 
natural to the man-made product came about in the 
period from 1000 to 2000 years B.C.; and at the begin- 
ning of the Christian Era the manufacture of iron by 
reduction from the earthy, non-metallic sources of 
supply had become firmly launched in numerous cen- 
ters throughout the civiliz- 
ed world—Egypt, India, 
Greece, Assyria, Styria, 
Carinthia and prog ‘es- 
sively westward into Cen- 
iral and Western Europe. 
From a rather rare metal 
of the earlier periods iron 
had come into a position 
of primary importance for 
both weapons of war and 
implements of peaceful 
pursuits. 

The growth of the iron 
industry has been marked 
by a steady evolutionary 
progress in production and 
in enhancement of quality 
and physical properties, 
punctuated by revolution- 
ary developments which 
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Forty Centuries 
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WROUGHT IRON MANUFACTURE 


By JAMES ASTON 
Head of the Department of Mining and Metallurgy 
Carnegie Institute of Technology 
Consulting Metallurgist, A. M. Byers Co. 


have upset the old order of production or utilization. 
Apropos of our theme of the moment, we may point 
to the inception of the blast furnace in Germany in 
the fourteenth century, Darby’s application of coke 
as a blast furnace fuel in England in 1730, Cort’s in- 
vention of the puddling process in 1784, and Besse- 
mer’s steel-making process of 1855. 

For hundreds of years, in fact almost up until Cort 
made his revolutionary invention of the puddling 
process, wrought iron was obtained by direct reduc- 
tion from the ore in a single-stage operation, and with 
the use of charcoal as fuel. Contrasted with today’s 
practices, the single-stage operation was primitive in 
method, laborious in effort and limited in output. 
The quality of the wrought iron produced was ex- 
cellent, as is attested by the resistance to corrosion 
of the numerous samples still in existence which had 
their origin in this period. The noted “Pillar of 
Delhi’, of the period 310 A.D., is an oft named 
example. 

Cort, by his invention in 1784, placed the refining 
of the relatively crude cast iron of the blast furnace, 
which had up to that time a quite narrow field of 
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utilization, on a plane which enabled 
vast extension of the iron industry. It 
was a two-stage operation which made 
possible the use of coal as fuel. 

So far, in this rather brief outline of 
the history of the wrought iron indus- 
try, emphasis has been focused upon the 
revolutionary transition from the more 
primitive method of manufacture to the 
puddling process. However, in the in- 
tervening years prior to that transition 
period there were developments in pro- 
cesses, which at the time were quite as 
startling as Cort’s invention. As ex- 
amples, one may cite the Catalan forge, 
the Lancashire hearth, the “loup” fur- 
nace, and the bloomery fire. The in- 
teresting fact is that through the many 
centuries of development which included 
the several transitory stages, of which 
Cort’s puddling process was a milestone 
no less revolutionary than the later 
Bessemer steel-making process, there was no change 
in the product in any essential detail. It was wrought 
iron, conforming in all respects to what the metallur- 
gist of today recognizes as the standards for this com- 
modity. 

Up until the inception of the Bessemer process in 
1855, the puddling process was the principal means of 
supplying the world’s requirements for a malleable 
ferrous product, and until only recently it was the 
main source of supply of wrought iron. 

It can not be contended that the primitive methods 
of the ancients or the later development of Cort had 
the intentional objective of wrought iron as a product. 
Rather, the objective was a malleable, ductile materia] 
which would meet both fabrication and service re- 
quirements—an objective which still persists as our 
major specification in engineering. We know now 
that the physical and chemical characteristics which 
differentiate wrought iron from steel resulted in these 
earlier periods from temperature limitations in the 
furnaces. This condition caused the formation of a 
refined base metal which was infusible at the maxi- 
mum temperatures available and a ferrous silicate 
slag, thoroughly fusible under the conditions, in which 
the plastic, spongy mass of refined metal was immersed. 
Consequently, the product contained a portion of the 
slag intermingled with the base metal in a purely 
mechanical fashion, a characteristic with which the 
metallurgist is now thoroughly conversant, and which 
serves to distinguish the material—wrought iron— 
from all other ferrous metals. 

The American Society for Testing Materials defines 
wrought iron as “A ferrous material, aggregated from 
a solidifying mass of pasty particles of highly refined 
metallic iron with which, without subsequent fusion, 
is incorporated a minutely and uniformly distributed 
quantity of slag”. The character of slag distribution 
is most important. By proper practice and under 
the reduction of section during rolling, the slag is 
finely divided into the form of threads or fibres which 
are uniformly distributed throughout the metallie 
matrix. The metallurgist discloses these slag fibres 
with the aid of the microscope. A visual manifesta- 
tion of the incorporated slag is indicated by the char- 
acteristic fibrous fracture familiar to users of wrought 
iron, 
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The 4 ton sponge ball of today is deposited on the platform of the electricall 
driven press which forms it into an ingot, squeezing out the excess slag 


The high temperature conditions made available 
through the agencies of the Bessemer converter and 
the open hearth furnace profoundly altered the re- 
sults of ferrous practice. The refining proceeded in 
the same general fashion, but the high temperature, 
exceeding that required for fusion of the metal, caused 
a separation of metal and slag, which resulted in the 
production of a non-slag-incorporated metal, or, ac- 
cording to the metallurgist’s terminology, a mild steel. 

The differences between the new material, steel, 
and wrought iron were not fully appreciated at the 
time; or if realized, they were considered as having 
little bearing upon the utility of the new product. It 
was naturally expected that manifest manufacturing 
advantages inherent in the steel-making methods 
would quickly result in the complete elimination of 
wrought iron from the field of usefulness through sheer 
limitations in production. After a lapse of time, how- 
ever, a well defined conviction developed that in many 
fields of service, notably those where corrosion, shock, 
and fatigue were important factors, steel was not 
measuring up to the standards reached in the service 
experiences with wrought iron. Consequently, wrought 
iron manufacture continued in spite of handicaps in 
production and somewhat higher cost. 

The key to the development which is the theme of 
this discussion may be said to have come from the 
metallurgical study of wrought iron. Through this 
there was crystallized a knowledge of the internal an- 
atomy of wrought iron and of the various features 
which made up its special quality characteristics. The 
trend of thought concentrated on ways and means to 
reproduce the desired material of standard quality 
and characteristics, rather than on some mechanical 
means of imitating the puddler’s manipulations, which 
had been the general effort in the various attempts 
to develop a mechanical puddler. Out of this grew 
a conviction that its production might logically be 
separated into its distinctive stages of metal refining, 
slag melting, and final intermingling of the two to 


‘produce a ball akin to that of the puddle ball. The 


first two steps offered no particular difficulty, since 

their accomplishment merely meant the adoption of 

equipment familiar to the steel industry. Disintegra- 

tion of the metal was the crux of the idea and pre- 
(Continued on page 121) 
























































YACHTING — 


The Sport of Kings 


ACHTING is indeed the sport of kings if we 

mean by that term the very summit of perfec- 

tion. 

From its very nature yachting has been, and 
can be, nothing but a recreation, whether indulged in 
by the man of small means while drifting around in 
his little single hander, or by the ultra wealthy mag- 

i nate while paying the bills incurred by his magnifi- 
cent floating palace. 

Other sports, founded upon commercialism, may 
have their evils, such as the reported “fixing” of the 
otherwise noble sport of horse-racing, the scheduling 
of “synthetic” baseball games, and the playoff system 
in professional hockey inflicted upon an easy public. 
Even the righteous athletic associations of some of 
our colleges are not at all averse to padding their 
respective treasuries by charging admission prices as 
high as the public will bear, and by making use to 
the fullest extent of the simon-pure amateur athletes 
placed under their protection. It is interesting to note 
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By GEORGE OWEN, ’94 


Professor of Naval Architecture 


that in these days of depression, when all the other 
sporting events are being held before greatly decreased 
attendances, yachting regattas, as evidenced by the 
quality and quantity of competitors, are attracting 
quite as much interest as in times of so-called pros- 
perity. 

Yachting is one sport in which the fair sex can and 
does take part on equal footing with the men. 
Women skippers and crews are competing with more 
and more success against the men, and it is a great 
thing for the sport that it is so. Lorna Wittlesey, 
Elizabeth Hovey, Ernestine Hills, Flora Mitchell and 
many other girls suffer little by comparison in skill 
as skippers with the Charles Francis Adamses, Sher- 
man Hoyts, and Harold Vanderbilts. 

The question might arise as to why all this dis- 
cussion about yacht racing, and how about the cruis- 
ing man who may prefer to dawdle and drift along 
while enjoying the “freedom of the seas”? As with 
automobiling and aviation, where improvements and 
perfections, both as to the mechanism and the skill 
of the operator, are developed by the intensive com- 
petition of racing, so lessons learned by the racing 
yachtsman are transmitted to those who prefer to 
travel in a more leisurely manner. 

The sailing yachts of today can be considered in 
three general groups, one group comprising those 
yachts devoted entirely to racing, another group made 
up of yachts used mostly for cruising, but occasion- 
ally taking part in regattas, such as ocean races, and 
lastly, the strictly cruising boats, those of rather 
“tubby” model and—relative to displacement—small 
sail plans. 

To one of these belong the 20.25, 31.38, etc., “Raters” 
of the so-called “Displacement” or “Universal” Rule, 
and the 6, 8, 10, 12, etc., metre boats of the so-called 
“International” Rule. These boats are classified as 
lo racing lengths by an arbitrary “measurement” 
formula. 

Another group consists of boats built to conform to 
specified fixed dimensions, such as maximum length, 
draft, or sail area, and minimum freeboard or displace- 
ment. Such classes are referred to as “Restricted 
Classes.” Examples are the 11 foot 6 inch “Frostbite” 
Dinghy class, the Toronto 14 foot Dinghy class, the 
“Suicide” class, (the latter with one limitation only, 
that of 125 square feet sail area), and the 22, 30, and 
40 square metre classes. 

The third group may be considered as comprising 
the so-called “One Design” classes, wherein a class is 
made up of any number of boats all alike as to hull, 
rig, and sails, theoretically as exactly alike as the pro- 
verbial peas in a pod. 

Beginning in 1894 with the Newport “30 footers” to 
the present day, our yachtsmen, from time to time, 
have had spasms of building and racing in “One De- 
sign” classes. The present day sees many examples 
of “One Design” classes; among these are the “Brutal 
Beasts”, little flat bottomed skiffs of about 14 feet 
length and a single “leg o’mutton” sail, the “O” boats 
of about 15 ft. waterline length, carrying a jib and 
mainsail, the “Triangle” class of about 18 ft. waterline 
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length, and many others. Probably the most am- 
bitious “One Design” class ever built was the 50 foot 
waterline class of the New York Yacht Club. This 
class of some 16 boats made its debut in 1913. They 
were all the same design and build, rigged as “stem 
head” sloops carrying club topsails—the so-called 
“Dorello” rig. They were apportioned to their respec- 
tive owners by the time honored method of drawing 
lots. In fact this class was so close a corporation as 
to hand pick its owners before forming the class and 
to bind the same owners by written agreement to 
make no sale without the unanimous consent of all of 
the owners. Although so carefully formed and spon- 
sored, the 50 foot one design class, as a class, was of 
short life—only a few years—thus quickly sharing the 
invariable fate of all one design classes. 

The internationally well known and popular Star 
class of about 15 feet waterline length, although sup- 
posedly all built to the same plans and dimensions, 
would appear to belong more in the “Restricted 
Group” than in the “One Design”, as they are built 
in many different places by many different builders. 
Although all of these Star boats are supposed to carry 
the same shaped sail plan with a maximum limit of 
about 230 sq. ft., yet their sails are made by many 
different sail makers and their spars and rigging are 
subject to similar variation for the same reason. 

Of the aforementioned method of classifying racing 
sailing yachts, 7.e., by formula, by fixed restrictions, 
and by one design, it would appear that the formula 
method—prov iding the formula is reasonably scien- 
tific, such as is the case w ith the Displacement, or 
so-called Universal Rule—is the most enduring. The 
“formula” method permits of the best opportunities 
for experimentation and initiative on the part of de- 
signers and owners. 

The “Restricted” method of measurement and 
classification soon evolves practically a one design 
type of boat. A serious objection to the “Restricted” 
method of classification has been that the restriction 
figures were invariably set by prospective owners 
with little if any knowledge of what it was all about, 
the result being a very unhealthy type of boat. How- 
ever, the famous 14 foot Dinghy class of Toronto has 
maintained an astonishing popularity for some 30years. 
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The Sportsman, Boston, Maas. 


An America’s Cup Defender of the 1901 Vintage—- 
the Columbia 


during which time well over a thousand boats have 
been built to this class. 

It would seem that the only argument in favor of 
the “One Design” class boat is a slightly cheaper first 
cost per boat. The formation of a one design class 
also gives opportunity for a display of high pressure 
promotion, but seems to contribute little to the gen- 
eral advance of the sport of yachting. Few one de- 
sign classes have survived as classes for more than 
a very few years. Usually the restrictions placed 
upon sails, docking, and general conditioning have 
placed a bad discount on initiative and attention to 
detail—the great uplifting factors to all progress. 

In the group composed of yachts used mostly for 
cruising—sometimes alluded to as “fast cruisers”— 
we find a very healthy type of boat. This type is 
invariably ready for the proverbial “fight or a frolic” 
In model, the fast cruisers have the scientific grace 
and proportions of the racers, but with somewhat 
greater beam, and freeboard, giving additional ac- 
comodation for cruising purposes. Today such boats 
often are equipped with a relatively small auxiliary 
engine using an automatic fe: sthering propeller. In 
mixed-class racing, these fast cruisers often compete 
with excellent success against the out-and-out racers. 

Then there exists, as a background or foundation 
for yachting, that large and healthy class of strictly 
cruising yachts so essential to this noble “sport of 
kings.” 

At the time this article goes to press comes the news 
of an America’s Cup challenge from England for this 
coming yachting season of 1934. This news should 
have a stimulating effect upon not only yachting in 
particular, but the present economic situation in gen- 
eral. Both the challenging and defending boats will 
be owned by men active in the business and financial 
world, men of judgment, vision, and courage. When 


. such men voluntarily enter upon expenditures of such 


magnitude it proves that they have full confidence in 
the economic situation. More power to them, and 
and may the best boat win! 


A representative of the internationally known Star Class; 
originally a “One Design” boat, numerous modifications are 
bringing it into the “Restricted” group 
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Preservation of Foods 


BY QUICK-FREEZING 


By CLARENCE BIRDSEYE 


Director Birdseye Laboratory 


ROM the earliest times, perishable foods have 
been preserved by drying, salting, smoking, or 
a combination of these methods; and since Na- 
poleon’s time, preservation by heat-sterilization 
in hermetically sealed containers has grown to be an 
important industry. Artificial refrigeration of perish- 
able foods, both above and below their freezing points, 
is of comparatively recent origin but has grown tre- 
mendously, especially within the last quarter century. 

Previously refrigeration experts 
believed that any process of 
freezing and subsequent cold stor- 
age necessarily produced more or 
less undesirable results. That be- 
lief has recently been proved to 
be largely unjustified, and we now 
know that properly selected, pack- 
aged, frozen, and stored perish- 
ables may be actually better— 
months after they are frozen, and 
thousands of miles from their pro- 
duction points—than they were 
at the time of freezing. 

Until recently the commercial 
freezing of foods has been carried 
on in “sharp freezers’—insulated 
rooms in which refrigeration coils 
maintain temperatures of from 
five above to twenty degrees be- 
low zero Fahrenheit. Uncircul- 
ated air, however, is a poor con- 
ductor of heat and foods placed in even these low 
temperatures are frozen comparatively slowly, many 
hours, or even days, being required before the products 
are completely soldified. 

When foods are frozen, their liquid content does not 
freeze homogeneously. Instead, fresh water ice sep- 
arates out in the form of ice crystals in and between 
the multitude of tiny cells of which all living tissue 
is composed—the slower the freezing, the larger the 
individual crystals. In sharp-frozen products, these 
individual crystals are frequently large enough to 
damage seriously the physical and chemical structure 
of the food, so that when it is thawed it has neither 
the consistency, taste, nor food value of the original 
product. If, on the other hand, perishable foods are 
frozen with extreme rapidity, the innumerable ice 
crystals formed within the tissues are too small to 
cause appreciable damage, and the subsequently 
thawed product is more or less indistinguishable from 
similar fresh products. In fact, certain quick-frozen 
products are definitely improved by freezing. Meats 
and poultry are considerably tendered during the 
freezing process. Vegetables which are to be cooked 
are improved by freezing, because the freezing process 
brings about certain of the chemical and_ physical 
results which are accomplished in the first few min- 
utes of cooking. Thus, quick-frozen vegetables require 
only about half as long to cook and thereby can be 
placed on the table greener and with a higher vitamin 
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content than is possible with similar products which 
have been frozen. 

But the mere freezing of perishable foods is of little 
value unless those foods can be stored for long periods 
and transported great distances. In the development 
of quick-freezing, research was at first concentrated 
largely on the freezing process itself. Within the last 
few years, however, much consideration has been given 
to the development of proper pre-freezing treatments, 
such as suitable packaging, and to 
the development of satisfactory 
storage and transportation facili- 
ties having temperatures low 
enough to insure a perfect preser- 
vation of the products until they 
reach the ultimate consumer. As 
the result of this scientific re- 
search and of practical commer- 
cial experience, there are now be- 
ing commercially quick - frozen 
and distributed more than a hun- 
dred different kinds of meats, 
poultry, sea-foods, fruits, and 
vegetables; and these products 
are being stored and distributed 
with equipment already commer- 





Courtesy of Walcott & Holcomb cially available at moderate cost. 


This house-wife’s task is made 
easier and cleaner by the use of 
quick-frozen foods 


Quick-freezing in its most mod- 
ern forms is cheaper, as well as 
better, than sharp-freezing. In 
fact, quick-frozen products may 
frequently be produced and distributed more cheaply 
than fresh, unfrozen products of the same sorts and, 
under certain circumstances, the process may be less 
expensive than even canning. This great economy in 
favor of quick-frozen products is, of course, due to a 
large number of factors, among which may be men- 
tioned the elimination of waste at the point of produc- 
tion, the prevention of spoilage at any time between 
production and consumption, the use of paper in- 
stead of metal containers, efficient transportation in 
cars completely filled with compactly packaged prod- 
ucts, and the greater economy of store space and per- 
sonnel made possible by placing perishable foods on 
a package basis. 

Quick-frozen perishable foods are more healthful 
and very much more sanitary than similar “fresh” 
foods as they ordinarily reach the ultimate consumer. 
Even the delicate vitamin C is not damaged by quick- 
freezing and subsequent cold storage for a year or 
more. No observant person needs to be told that 
present methods of distributing foods are exceedingly 
unsanitary. Meats, even though slaughtered under 
government inspection, are subjected to continuous 
contamination and deterioration through every sub- 
sequent step of distribution. 

“Fresh” vegetables and fruits begin to deteriorate 
the moment they are harvested, and this deteriora- 
tion often proceeds to the point of actual spoilage 
(Continued on page 123) 
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Whence Came 


THE CALCULUS? 


N his interesting story of mathematics Cajori 
presents a conception of the age of Newton and 
Leibniz as a focal point in history toward which 
the lines of past progress converge, and from 

which radiate the advances of the future. A period 
of fifty years before this era saw the keenest mathe- 
maticians of Europe tracing out the path which. led 
to the discovery of the differential calculus by New- 
ton and Leibniz. The calculus, therefore, was not an 
individual achievement; it should 

be thought of as the apex of a 

succession of upward steps by dif- «~ 


3 % 
ferent intellects. Indeed, no great St I On re 


By HENRY J. OGORZALY ’35 


as composed of indefinitely small solids instead of 
surfaces. 

Fermat made the next step forward, obtaining a 
rule for maxima and minima. His scheme differed 
from the rule of differential calculus mainly in the 
use of the indefinite quantity e rather than the in- 
finitely small dz. Thus to find a maximum value of 
a function of 2, he substituted a consecutive value of 
x, namely 2-e, where e is very small, for x in the orig- 
inal function, and then set the two 
expressions equal. Dividing by e, 
and ultimately putting e equal to 
zero, we get a value of x for which 


discovery ever made its first bow \~ hp \aax the given expression is a maximum. 
unannounced, and although New- ¥ d 71 Isaac Barrow, professor of 
ton’s will influence mankind to the Ab mathematics at Cambridge, and 
end of the world, yet Pope’s lines V2 Vor Newton’s friend and _ instructor, 
should be taken cwm grano salis: made use of two infinitesimals in 
“Nature and Nature’s laws lay dt place of Fermat’s one in the deter- 
hid in night; sv* mination of the tangent to a curve. 
God said, ‘Let Newton be’, and © His method differs from that of the 
all was light.” I-70 x differential calculus only in nota- 

The calculus, as is generally 38 y tion. 
known, is based on the use of in- YAN The stage was now set for the 
finitely small quantities. The no- ve) great discovery. Mathematical an- 
tion of infinity was always repug- 1+xqz alysis had proceeded to a point just 
nant to the ancient Greek mathe- Zttt short of the final exposition of the 
maticians, and it was left to Johann X= ideas and methods of the infini- 


Kepler (1571-1630) to break 
through this cloak of untouchabil- 
ity by conceiving the circle as com- 


posed of an infinite number of 
triangles with their common vertex 6. 
in the center and their bases in the re 


circumference, and the sphere as 
consisting of an infinite number 
of pyramids. He also conducted an 
investigation amounting to the 
evaluation of the definite integral 
fsingdg between O and 9, and ap- 
peared to know that the variation 
of a function near its maximum 
value disappears. 

Cavalieri introduced the method of indivisibles. 
He considered lines as composed of an infinite number 
of points, surfaces as composed of an infinite number 
of lines, and solids of an infinite number of planes. 
The relative magnitudes of two solids or surfaces 
could then be found simply by the summation of a 
series of planes or lines. Although by a fortuitous 
combination of circumstances Cavalieri’s method 
often yielded correct results, it lacks a scientific foun- 
dation. If a point has no length, then no number, 
however great, of points can ever form a line; if a 
line has no width, then even an infinite number of 
lines cannot make up an area; likewise for solids. 

The French mathematicians, Roberval and Pascal, 
improved the rational basis of Cavalieri’s method of 
indivisibles by considering an area as made up of in- 
definitely small rectangles, rather than lines; a solid 
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Whence came the Calculus? Was it 
a product of the ages, or did it 
spring into existence from the fer- 
tile imagination of a single genius? 
Who introduced the symbols that 
haunted our freshman dreams? The 
author briefly traces the early his- problems. 
tory of this branch of mathematics 


tesimal calculus. Foreshadowings 
of the principles and even of the 
language of the calculus could be 
found in the writings of Kepler, 
Cavalieri, Roberval, Pascal, Fer- 
mat, Barrow, and one or two others. 
It remained only for a Newton or 
a Leibniz to correlate the isolated 
discoveries of the past, to build up 
from them a calculus, an aggrega- 
tion of rules and methods of calcu- 
lating, and to apply these rules to 


Isaac Newton (1642-1727) was 
led to the invention of the calculus 
by his study of quadratures, i.e., the areas of bounded 
figures. About 1665, at the age of twenty-three, he 
conceived the method of fluxions, which was essenti- 
ally his calculus of later years, but beyond communi- 
cating the invention to a few of his friends, he gave 
no public notice of his great work. In the Method of 
Fluzions, written in 1671, but not published till nine 
years after his death, Newton solved the two follow- 
ing problems: — 

I. The length of the space described being con- 


- tinually given; to find the velocity of the motion at 


any time proposed. 

II. The velocity of the motion being continually 
given; to find the length of the space described at any 
time proposed. 

Newton conceived all geometrical magnitudes to 

(Continued on page 124) 
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EDITORIALS 


THE GREATER TECHNOLOGY 
ECHNOCRACY and the Roosevelt landslide not- 


withstanding, the engineering profession continues 
to enjoy the favor of an otherwise almost completely 
disillusioned citizenry. A technical education is looked 
upon, in fact, as one of the few worthwhile investments 
in a world full of bad bets. Few would deny that we 
have need for scientific progress; the admission is uni- 
versal that if and when the economic system recovers 
from its present dearrangement the world will be far 
more thoroughly immersed in technology than it was 
when things collapsed. 

All of which points to a fact of particular interest 
to Tech men: the engineering schools will do a rushing 
business as soon as more money becomes available for 
higher education. The future seems bright, bright 
with the vision of the Greater Technology. 

But in a few obscure corners exists that group 
known as The Doubters. These dissenters view the 
future of Technology with a joy not entirely unmixed. 
They insist, in the firm manner of all True Doubters, 
that the world already has far too many mediocre 
engineers and still has far too few good ones. They 
point out that the increase in technology will require 
not more engineers, but vastly better ones; that suc- 
cess in engineering will become more and more re- 
stricted to men of outstanding ability and exceptional 
training. 

It would seem, then, that if Tech is to maintain 
her reputation as the cradle of engineering leaders, 
she must inevitably sharpen her methods of selecting 
men and intensify her methods of training them. The 
obvious result of this course is the conversion of M.I.T. 
to a small school whose concern would be the training 
of highly able men for technical leadership, and whose 
opportunities would be available only to graduate stu- 
dents of exceptional ability. 

But if this is the answer, where goes the picture of 
the Greater Technology? Where the need for acres 
of additional floor space, for a larger staff, for more 
equipment? 

Be that as it may, most of us continue to hope that 
Tech will grow, in size, in prestige, in effectiveness. 
But we can not suppose that the development of to- 
morrow will follow the precedent of today. If our 
worthy dream is to be accomplished, there must 
eventually come a sharp distinction between the 
names “engineer” and “technically-trained man”, 2.e., 
one who, without the proper qualifications for crea- 
tive engineering is nevertheless enabled to live a 
better and more effective life in this mechanized 
civilization by virtue of his knowledge of engineering 
principles. 
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It is not to be thought that this is a program for 
the future only. We are striving today to make every 
technical student an engineer. We fail, as statistics 
show, in about fifty percent of the cases. Those who 
do not enter the engineering profession often make 
successes which are, nevertheless, distinctly attribut- 
able to their engineering education. They are “tech- 
nically-trained men.” The immediate problem, there- 
fore, is this: we need a readjustment of emphasis from 
engineering to technical training. If we strive to make 
every student a technically trained man, we will elim- 
inate a great deal of lost energy in specific instruction, 
and thereby greatly extend the effectiveness of the 
result. Those who are really talented in engineering, per 
se, will quickly enough appear. They and they alone 
can then be given the specific and intensive training 
necessary for leadership in their particular field. 


PHYSICAL REVOLUTION 


ECENT discoveries in physics have delivered shat- 

tering blows to the monumental, finished struc- 
ture of Newton, which can be seen trembling on its 
foundations. Previously accepted pictures of the 
atom have been definitely destroyed. New names, 
such as negatron, positron, anti-electron, deuton, and 
oreston, have sprung up like dandelions. The name 
negatron has been applied to the electron to distin- 
guish it from the positron, while the newly-discovered 
heavyweight hydrogen isotope has been called the 
deuton. The positron, the positively charged electron 
which Dr. Carl Anderson succeeded in 
knocking from the nucleus of an atom by 
bombardment with cosmic rays, has re- 
ceived more names than were ever sug- 
gested for a new-born babe. Niels Bohr has 
suggested the term anti-electron, but the 
most original and romantic proposal comes 
from a scientist with the commonplace 
name of Dingle. He reminds us that Electra 
had a brother, Orestes. Hence the name 
“oreston.” 

These new discoveries, devastating as 
they are to Newton’s system, are substanti- 
ating modern theories, such as Heisenberg’s 
theory of indeterminacy and Einstein’s law 
of the interchangeability of mass and en- 
ergy. Out of the ruins of the old picture 
we may confidently expect a new one to rise 
Phoenix-like, not so rigid or so clear at first, 
but much more adequate and comprehen- 
sive. 


THE HONOR SYSTEM 


(THE Honors Group of the Department 

of Electrical Engineering in the ten 
years of its existence has aroused consider- 
able favorable comment. The group is 
composed of men of proven ability; by the 
“honors system” they are exempted from 
the necessity of attending regular classes 
and fulfilling routine and initiative-stifling 
assignments, and work more independently 
under tutorial supervision on long-range 
projects and problems. The benefits of 
such an arrangement for students who 
measure up to the standards it requires are 
shown by the prominence attained by Ger- 
man ‘scientists and technologists educated 
under essentially the same scheme as their 
Technishe Hochschule. 
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Despite the excellent results thus far obtained here 
at Tech with the “honors system”, it was only this 
term that the system was extended to certain seniors 
in the Department of Chemical Engineering, thus per- 
mitting enjoyment of its privileges to only two of the 
Institute’s eighteen courses of study. By far the larger 
part of the upperclassmen who would profit by it are 
still unable to take advantage of this emancipated 
conception of education. The adoption of the honors 
plan in all courses would meet with concerted student 
approval. 


ARGUMENT v. DISCUSSION 


6 J IGGING IN” on one side of the question is the 

best method extant of getting not the slightest 
benefit from an argument. In such a petty quarrel 
neither participant listens to the exhortations of his 
adversary, but both spend their forced intervals of 
silence planning the next verbal coup d'état. 

It is far more profitable to mutually conduct a dis- 
cussion, with everyone listening while one man ex- 
pounds his views. In this way, without any of the 
disagreeable after-effects of a heated argument, num- 
erous attitudes may be marshalled and compared to 
the benefit of all. Obviously, the man who profits 
most from a discussion is the good listener, who not 
only voices his own sentiments, but also acquires an 
understanding of the ideas of others. But if you must 
make an ass of yourself, don’t be surprised when 
others ride you. 
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ENGINEERING DIGEST 


Reviews of noteworthy developments in science and engineering 


HEAVY WATER KILLS SMALL FISH 
Science News Letter 
October 14, 1933 
ATER containing the double weight hydrogen 
isotope kills tadpoles and small fish at a thousand 
dollars a throw. 

When Professor Swingle of Princeton put some tad- 
poles in the new water, the results were fatal to the 
tadpoles in one hour. By diluting the new water to 
thirty percent with distilled water, the life of a tadpole 
was lengthened to twenty-four hours. Paramecia, 
single-celled organisms, stood the effects of full- 
strength deuterium oxide, as the heavy water is called, 
for twenty-four hours before giving up. 

The relatively large quantity of 1/2 cubic centi- 
meter per day is now being produced in the Fiske 
Chemical laboratories at Princeton, and 
Princeton scientists are able to use this 
unusual supply of heavy water in per- 
forming some experiments which were 
impossible up to now. Besides finding 
that it has a smaller capacity for dis- 
solving salts, Princeton researchers are 
testing its effects on acids. 

Heavy water will be of great aid to 
physicists engaged in the study of the 
structure of the atom, because experi- Sym 
ments have shown that in trying to il 
break the atom by collision with elec- 
trically propelled hydrogen bullets the 









very thin layer of calcium sulfate or anhydrite. 
Roughly outlined, the Frasch process for mining this 
sulfur consists of melting the sulfur-bearing formation 
by means of superheated water and raising it to the 
surface by the means of compressed air. 

The uniqueness of the situation was found mainly 
in the fact that the power plant for the mining was of 
necessity situated on the shore about a mile away 
from the mining operations which were being carried 
out in the middle of the lake. The superheated water 
was pumped from the power plant to the mining 
operations thru a pipe line supported on a trestle. 
This same trestle bears four other pipe lines carrying 
steam, cold water, air, and sulfur. The hot water, 
steam, and sulfur lines were insulated with mineral 
wool and special expansion joints were provided for 

the lines as the pipe expands under tem- 


1" air line perature about 2 feet in every 1,000 


3" sulphur and feet. 
. boosting line 
2 Noel 


The drilling of the wells also pre- 
sented unusual difficulties. For the first 
operation the apparatus was installed 
on the top of pilings, but this was found 
to be too expensive. Instead a barge of 
steel construction was permanently 
equipped with drilling machinery. All 
machinery is operated by electricity 


t=n=m = 
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inconsolidated supplied thru a submarine cable from 
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the shore plant. The barge is held in 
position by means of four pipes in the 








use of heavy water requires less voltage. 

Professor Taylor, one of the three men 
extracting the heavy water, said that 
there is one part of heavy water in every 
5000 parts of Princeton rain water and 
that it is necessary to treat four hun- 
dred gallons of ordinary water to get 
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corners which are set fast in the lake 
bottom. As the level of the water of 
the lake is known to change sometimes 
at a rate of one foot per ten hours, it 
was necessary to provide a telescopic 
joint to offset this during connection to 
the casing of the well. Accurate dis- 


one ounce of deuterium oxide. Heavy i CT, voy tribution of the machinery on the barge 
water is one of the most valuable sub- ORE ici: 2. maintains its level. A great saving in 
stances in the commercial field. The “Chem, & Met. Eng time is realized in moving the barge 


price of it is $150 dollars a gram which 

is about $150,000 a quart. Princeton has 

about a glassful now and is preparing to raise ,its 
production to one cc. per day. 

Although the effect on animals of drinking this 
water is not known it is believed that it will produce 
a fever and may be useful in treating some diseases 
in which it is desirable to raise the temperature of 
the body. 


MINING SULFUR UNDER WATER 
Chemical & Metallurgical Engineering 
September, 1933 
HE Jefferson Lake Oil Co., Inc., has succeeded in 
mining sulphur from beneath Lake Peigneur in Lou- 
isiana. Their method is a modification of*the original 
Frasch process that has been used for mining sulfur 
since 1891. Lake Peigneur is about, two miles long 
and a mile wide and appears to be#situated directly 
over a rich deposit of sulfur. This sulfur is deposited 
beneath the lake in a dome-like structure consisting 
of three layers above the supporting:dome of salt. At 
the top there is a thin layer of limestone and under- 
lying this the sulfur zone, below the sulfur zone is a 
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from one position to another in com- 
parison with the time required for mov- 
ing the land type of drilling apparatus. 

The deposits under the lake have turned out to 
be of exceptional wealth, producing 200,000 long tons 
of 99.92 per cent pure sulfur in the first ten months. 
With the evident diminishing of such large deposits 
of sulfur, it will become increasingly important to 
search for new fields similar to that at Lake Peigneur. 


SILICOSIS, MINERS’ LUNG DISEASE 
Journal of Hygiene 
August, 1933 
ILICOSIS is a lung disease, often called miner’s con- 
sumption, that is quite prevalent among miners and 
stone workers in general. The symptoms of the disease 
are an infrequent and seemingly harmless cough and 
a gradual increasing weakness in the later stages. 
From the examination of the lungs of twenty-nine 
victims of silicosis Dr. R. W. Jones, of the Imperial 
College of Science and Technology, has concluded 
that the disease is more probably caused by: the 
presence of minute mineral fibers than by quartz 
particles, as is generally supposed. Dr. Jones’ inves- 
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tigations showed that the fibers were those of the 
mineral sericite, a hydrated silicate of potassium and 
aluminum, and that there was a preponderance of 
sericite over quartz. Sericite belongs to the mica 
group of minerals, but differs markedly from the 
other members of the group by occurring in a fibrous 
form instead of the characteristic scaly form. The 
mineral is generally found as microscopic fibers be- 
tween the grains that compose the rock matrix. 

The ratio between the amounts of sericite and 
quartz in the lungs examined is especially significant 
in the light of the knowledge that the mining of a 
variety of gold bearing quartz rock in South Africa 
is known to have caused several thousand cases of 
silicosis, whereas a similar type of rock, containing 
even more free silica (or quartz), that is mined in 
one part of India has not caused a single case of the 
disease. Careful study of the two rocks has revealed 
that the former contains a large percentage of sericite 
while the latter contains almost none. In answer to 
the arguments that the 
absence of silicosis cases 
in the Indian locality 
was due to a failure to 
diagnose the disease or 
because extraordinary 
precautions were taken 
against that disease. it 
is to be pointed out that 
the workmen are perio- 
dically X-rayed = and 
that medical records are 
kept just as completely 
as at any other mine. 
Moreover, none of the 
precautionary measures, 
such as wet drilling to 
lav the dust, that are 
used in the South Afri- 
can mine, are practiced 
at Kolar, the locality in 
India. 

Another case of 
especial interest is that 
of the Broken Hill Mines in New South Wales, Aus- 
tralia. The amount of quartz in the ore itself varies 
from 2 to 18 per cent, while the surrounding rock 
averages less than 20 per cent free silica. These 
figures are well below the minimum percentage of 
free silica allowed by the English law for the pur- 
poses of compensation under the “Silicosis Scheme”, 
but cases of silicosis are quite numerous in the mines. 
Moreover, fibrous silicite is found to be present in 
considerable quantity in the rocks of the Broken Hill 
Mine, thus offering further testimony to the correct- 
ness of Dr. Jones’ conclusions. 

Dr. Jones’ discoveries may prove exceedingly valu- 
able as a new means of attack on a miners’ disease 
that annually takes a heavy toll both in human life 
and money. In the particular South African field 
mentioned above it is estimated that silicosis costs 
1,000,000 pounds per year. 


VITAMINE C SYNTHESIZED 
Nature 
August 19, 1933 
ITH the recent synthesis of 1-ascorbic acid, com- 
monly known as vitamin C, by three Swiss chem- 
ists, physiological chemistry has made its first step to- 
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wards the laboratory preparation of vitamins. 

In view of the profound effect of the presence or 
absence of vitamins upon the human system, there 
have been a large number of workers engaged in 
vitamin research during the past decade. In spite of 
this, none of the vitamins have been definitely syn- 
thesized until this year. 

T. Reichstein, A. Griissner, and R. Oppenhauer, 
the chemists responsible for this advance, will con- 
tinue their work on vitamin C, with special reference 
to the physiological effects of the synthetic substance. 

The substance was synthesized in the following 
manner. 1-xylosone, after treatment with hydrocyanic 
acid, was hydrolised. From the mixture thus pro- 
duced, an acetone derivative of 1-ascorbic acid was ob- 
tained. Improvement of experimental technique later 
enabled the investigators to prepare either the dextro 
or the laevo acid in a free state from the correspond- 
ing xylosone. When pure the acid is a colorless, crys- 
talline substance. The synthetic product thus ob- 
tained was __ identified 
with natural vitamin C, 
prepared by fractional 
crystallization of the 
juices of various citrus 
fruits. 

The absence of vita- 
min C in the human 
system produces scurvy. 
Until very recently little 
was known either of its 
physiological effects or 
of its chemical nature. 


WELDED STEEL 
DIESEL ENGINES 
Power 
September, 1933 
DIESEL engines made 
of steel alloy plates 
welded together have 
been _ recently intro- 
duced in this country 


Chem. Markets 


benefit derived from the 
use of steel plates is realized in the great saving of 
weight in the construction of the crank case. It is the 
usual method to make the crank case a composite 
structure of cast iron and steel rods which connect 
the main bearings with the cylinder heads. Diesels 
of this construction weigh from 40 to 250 Ibs. per hp. 

In the new Diesels rolled steel plates are built up 
upon shapes. The alloy steel that has been found to 
be most suited to welded steel crank-cases from the 
standpoint of stiffness is of low carbon content and, 
therefore, well suited for welding. The welds, which 
it was feared would be the source of weakness, have 
proved to be able to stand the necessary loads. 

One Diesel built by the Winton Engine Corporation, 
Cleveland, weighs less than 10 lb. per hp. This 
decrease in weight has made available a highly effi- 
cient unit that has the double advantage of power 
and mobility. There is already under construction to- 
day a welded-steel engine structure which will be used 
in the power unit of the Union Pacific System’s 110- 
mile per hour passenger train. The Chicago, Burling- 
ton & Quincy’s high-speed passenger train wilh have 
as its motive power a 660-hp. Diesel engine of welded 
construction. 

























































_ ship or airplane along a great circle course. 


RESEARCH 


COURSE V Chemistry 
ROFESSOR LOUIS J. GILLESPIE and his 
students have been making quantitative deter- 
minations of the heat evolved when solutions 
of hydrochloric acid are diluted to twice their 

water-content. With the help of the Debye-Hiickel 

theory it is hoped to determine the heats of successive 
dilutions until infinite dilution be reached. Another 
phase of Professor Gillespie’s work is the study of the 
prediction of S. Chapman (England) that of two 
gases, having different molecular weights or even dif- 
ferent molecular diameters, placed in a tube with one 
end kept hot and the other cold, the heavier (or the 
larger) gas, should collect in excess at the cold end. 

The prediction has received qualitative verification 

with a considerable number of gases. It is probable 

that all experimental variables have not been dis- 
covered and a search is in progress for unknown 
variables. 

Certain outstanding difficulties in thermodynamic 
correlations, through the two empirical principles of 
thermodynamics, can not be adjusted satisfactorily 
without an exact knowledge of the relation of the In- 
ternational Resistance thermometer to the thermo- 
dynamic scale. Professor James A. Beattie and his 
students are continuing their studies in precision ther- 
mometry with the purpose of working out a solution 
of the difficulties to which reference has been made. 

Professor Louis Harris and Doctor William S. Bene- 
dict have completed an important phase in the inter- 
pretation of the absorption spectra of the system, 
2 NO. (NO.) >, which gives a better knowledge of the 
structure of the molecules involved. The work was 
undertaken as a part of a general program in the study 
of photochemistry and of the structure of molecules. 

Professors Frederic G. Keyes and Leighton B. 
Smith have completed a long study, lasting over 
twelve years, on the measurement of the pressure- 
volume-temperature relationships of steam up to very 
high temperatures and pressures, namely, 950 degrees 
Fahrenheit and 3500 pounds pressure. 

Doctor Isador Amdur, a National Research Fellow 
in Chemistry, has developed an apparatus for meas- 
uring the velocity of the recombination of hydrogen 
atoms, the purpose being an attenrpt 
to elucidate the mechanism of the re- 
action. 

Doctor John L. Onckley, likewise a 
National Research Fellow in Chemistry, 
has been carrying forward his studies on 
the dielectric polarization of mixtures of 
polar and non-polar gases under pressure. 
The purpose of this work is to test the 
Clausius Mosotti equation and to per- 
mit the calculation of the electrical prop- 
erties of gaseous mixtures. 

Doctor Harold T. Gerry and Professor 
Keyes have been preparing a large quan- 
tity of water of high density. This 
water will be used as a source of the 
isotope of hydrogen. 


Photo-Electric Servo-Mechanism, developed 
at M. I. T., which will automatically steer a 
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IN REVIEW 


COURSE VI Electrical Engineering 

In the present-day generation and _ utilization of 
electric power, the conventional electromagnetic type 
of machine is universally used. But, as Dr. R. J. Van 
de Graaff suggests, a vacuum is after all the optimum 
insulator, and since vacuum technique has advanced 
to a high degree of perfection, it now appears possible 
to develop machinery operating on electrostatic prin- 
ciples which has certain advantages over machinery 
operating on electromagnetic principles. With vacu- 
um insulation, sufficient potential gradients may be 
obtained in electrostatic machines to do the same 
work which an electromagnetic machine of much 
greater size is now called upon to perform. Windage 
losses will be eliminated so that electrostatic machines 
will be very attractive from the standpoint of both 
size and efficiency. Some unusually interesting work 
on electrostatic machines is now being done and past 
work has, to a considerable extent, served to justify 
expectations in regard to the practicability of electro- 
static machines. 

In connection with a proposed method for deter- 
mining the electromotive force which accompanies a 
temperature gradient, the Thomson effect, it became 
evident that the thermal conductivities of the metals 
in question would have to be known to a higher de- 
gree of precision than apparently has been available 


» heretofore. A precise determination of the magnitude 


of the Thomson effect under various circumstances 
may shed valuable light upon the nature of metallic 
conduction. Accordingly a method was devised for 
determining thermal diffusivity (the ratio of thermal 
conductivity to the product of the specific heat and 
density) and subsequently a method was devised for 
the determination of specific heats. Densities can, of 
course, be determined precisely. The determination 
of thermal diffusivity of about one tenth of one per 
cent has been accomplished, and work is now in pro- 
gress for the precise determination of specific heat. 
By completing the details of technique, and by mak- 
ing the necessary refinements and precautions, it is 
hoped that the specific heat may be determined to one 
tenth of one per cent, the accuracy achieved in the 
diffusivity determination. 


Electronics 
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sented the major problem in the long course of ex- 
perimentation. 

The following brief outline of the puddling process 
will serve to orient the reader for the contrasting des- 
cription of the new process. 

The puddling furnace commonly used was a simple 
coal-fired reverberatory, sometimes having a waste 
heat boiler in the stack. In the Pittsburgh district the 
single furnace, manned by two puddlers, was used, 
with a charge of about 600 pounds. In the East double 
furnaces were the rule. These really were two single 
furnaces back to back, with the back walls removed 
to make a single hearth, and with one stack. The 
charge of 1200 to 1300 pounds was worked by four 
men, two on each side. The furnaces had a cinder 
bottom and were lined with plastic iron ore. The 
charge consisted of cold pig iron and required about 

hours for completion. Five heats constituted a 
turn, with a man-turn output of about 1400 to 1500 
pounds. The furnace temperature was about 2600° 
F., which was ample to fuse the metal initially, to 
fuse the slag throughout the heat, and to furnish a 
welding heat; but it was not enough to fuse the metal 
in the later stages of refining. The result of the pud- 
dling operation was the formation of a spongy mass 
of metal, thoroughly impregnated with liquid slag. 
The product was taken from the furnace as “balls” 
of about 200 to 300 pounds in weight. These were 
put through a squeezer to eject surplus slag and form 
a bloom, which was rolled to a rough, flat, bar section 
called muck bar. The muck bar was sheared to short 
lengths, piled, heated to a welding heat, and rolled to 
the desired sections. This “piling” operation was re- 
quired to obtain the needed work upon the relatively 
small mass of the initial bloom. For some commodi- 
ties the piling and rolling were repeated; the product 
being then classed as “double refined” in distinction 
to the “single refining” of the first mentioned proce- 
dure. All of the material thus produced shows the 
well-known fibrous fracture and other distinctive 
characteristics of wrought iron. 

It is beyond the scope of an article of this kind to 
go into an extended discussion of the details of ex- 
periment that led to the development of the Byers 
process for the manufacture of wrought iron, but the 
following brief description will enable the reader to 
obtain an understanding of this modern method. 

The raw material from which wrought iron is made 
consists of pig iron, iron oxide, and sand. The pig 
iron is melted continuously in cupolas, tapped into 
ladles where it receives a special desulfurizing treat- 
ment, and then conveyed to a Bessemer Converter, 
where it is purified to a highly refined state conform- 
ing.to the base metal characteristics required for qual- 
itv wrought iron. This refined iron is then carried 


WROUGHT IRON MANUFACTURE 
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by ladle car and crane to the processing platform, 
where it is poured into the ladle of the processing 
machine. 

In the meantime, the iron oxide and sand have been 
properly fused in an open hearth furnace to form the 
silicious slag. This molten slag is poured into a ladle 
and conveyed to a station directly beneath the pro- 
cessing machine. 

Next follows the key operation of the process—that 
of refined metal disintegration and slag incorporation. 
The molten refined iron is poured, at a predetermined 
rate, from the ladle of the processing machine into the 
ladle containing the molten slag. The processing ma- 
chine automatically oscillates as well as moves back- 
ward and forward, insuring a uniform distribution of 
the refined metal into the slag. 

As the slag temperature is maintained several hun- 
dred degrees lower than the “freezing point” of the 
refined metal, the latter is continuously and rapidly 
solidified. This rapid solidification of the metal liber- 
ates its dissolved gases with sufficient force to shatter 
the metal into small fragments, which settle to the 
bottom of the ladle. Due to the welding temperature 
and fluxing action of the silicious slag, these fragments 
weld together to form an agglomerate cellular mass in 
the form of a sponge thoroughly impregnated with 
liquid slag. 

Immediately upon completion of the pour, the ladle 
containing the slag and iron is transferred on the cir- 
cular track to the next station, picked up by a crane, 
and the surplus slag is poured off into an adjoining 
empty ladle. The ladle into which the surplus slag 
was poured is moved to the open hearth station, where 
the slag is replenished. It is then moved into position 
under the processing machine to start another cycle. 

The sponge ball, weighing 6000 to 8000 pounds, 
remaining in the ladle after the surplus slag is poured 
off, is then dumped on the platform of a 900-ton elec- 
trically driven press. The press compacts it into an 
ingot, which is rolled in the blooming mill and sub- 
sequently in the plate or skelp mills. 

The similarity of the equipment used in this new 
process and that used in modern steel mills, both in 
type and size, has enabled production to be measured 
largely in terms of steel-mill units, rather than by the 
hand-mill standards of the puddle mill. 

The close control of the quality of wrought iron 
made possible by this modern method of manufac- 
ture has eliminated the wide variations in base metal 
constituents and physical properties that were so diffi- 
cult to avoid in the older hand methods of manufac- 
ture. It also presents the possibility of special types 
of wrought iron suited to varying service requirements, 
thus extending its utility beyond the horizon of pres- 
ent day application. 
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LONG-SPAN BRIDGES 


(Continued from page 109) 


is kept out by compressed air and in which men are 
able to excavate the soft material overlying the rock 
with reasonable efficiency, even to a depth in excess 
of one hundred feet, provided they return to the outer 
air slowly. In the early days of pneumatic caisson 
work, many were temporarily disabled and in some 
cases fatally affected by lack of care in returning to 
the open air, but at the present time such work is un- 
der careful supervision and little sickness occurs. The 
building of deep foundations in the open air by means 
of the construction of watertight cofferdams surround- 
ing the site, from which the water can be pumped, has 
made rapid progress lately and may eventually replace 
the pneumatic caisson process for most bridge foun- 
dations. 

The next stage is the construction of the towers. 
This is followed by the laying, at the bottom of the 
river, of comparatively light cables, which are carried 
over the towers to the anchorages at either end. After 
these cables are laid, traffic is suspended on the water- 
way for a period long enough to permit the cables to 
be pulled up from the bottom of the stream to the 
proper height for supporting foot bridges, from which 
the main cables are laid. 

The process of spinning the main cables is both 
simple and rapid. Separate steel galvanized wires 
about one-fifth inch in diameter are carried back and 
forth from the anchorages over the towers by means 
of one or more sheaves, each carrying a loop of wire 
and pulled by a hauling line. Each passage of the 
sheave forms a loop of two wires extending from an- 
chorage to anchorage and temporarily fastened at 
each end. After a sufficient number of wires are laid. 
they are consolidated into a strand of parallel wires 
which is then pulled into its final position at each end 
by hydraulic jacks and connected to steel members 
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embedded in the masonry of the anchorage founda- 
tions. After all the strands are laid, they are squeezed 
together into a cylindrical cable by means of hy- 
draulic jacks and are then waterproofed by winding 
with fine wire and by painting. Only nine and one- 
half months were required for laying the four cables 
of the George Washington Bridge, each of which was 
36 inches in diameter and contained over 26,000 sep- 
arate wires. After the cables are finally completed, 
vertical hangers of twisted wire cables are attached 
to them by bands which are tightened sufficiently to 
prevent slipping. At the lower ends of the hangers 
are sockets from which the stiffening trusses are sup- 
ported and these in turn support the steel floor mem- 
bers. The principal function of the trusses is to dis- 
tribute the applied load over the cables, thus pre- 
venting excessive deflection of the floor which would 
result in steep gradients, and to give traffic the effect 
one obtains in skating over thin ice. For highway 
bridge spans of great length and weight, the stiffen- 
ing trusses may be omitted as has been done in the 
George Washington Bridge. This bridge is, however, 
designed for a double floor and if the second floor is 
ever built, it is expected to construct at that time 
comparatively light stiffening trusses. 

An important stage in the progress of bridge build- 
ing is the attention now being expended upon the ar- 
tistic possibilities of steel bridges. Ancient bridges 
and buildings were marked by mass and supported 
their loads by their great size and compressive 
strength, offering little or no resistance to bending 
forces or tension. The Gothic cathedrals got away 
from this in some measure by the intelligent use of 
structural frameworks, such as flying buttresses and 
pointed arches, but not until steel and reinforced con- 
crete became available was it possible to obtain in 
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building materials, except timber, properties other 
than compressive resistance. 

A public accustomed to massive masonry struc- 
tures found it difficult to reconcile itself to the light- 
ness of metal bridges. Moreover, little attention was 
formerly given by engineers to appearance; strength 
to carry the load and economy to please the owner 
being the prevailing motives. But this day has passed 
and the graceful lines and evident adaptation to the 
purposes for which they were built make some of our 
steel bridges worthy, in the writer’s opinion, to com- 
pare favorably with many other more pretentious 
structures. At all events, structures which are so 
fittingly proportioned for the services which they 
are intended to perform as are suspension bridges, steel 
arch bridges, and continuous truss bridges, need no 
apology for their appearance. In fact, to those trained 
in a knowledge of stresses and materials, many mas- 
onry buildings seem to be less properly proportioned; 
not the ancient Greek temples at Athens and at 
Paestun, which are pleasing because of perfect propor- 
tions and structural correctness, nor some of the me- 
diaeval cathedrals, but rather modern monumental 





buildings with structural features which to the trained 
eve are entirely unfitted for the duty which they are 
called upon to perform. 

The following brief summary of the progress of 
bridge building may serve as a fitting conclusion to 
this paper. 

Stone Age, from the earliest days of history to the 
19th Century, stone arch bridges with 
maximum spans of less than 300 feet. 

In 1826—The Menai Straits Suspension Bridge, 
span 580 feet. 

In 18883—The Brooklyn Suspension Bridge, span 

1595 feet. 
1 1890—The Forth Cantilever Steel Truss Bridge, 
span 1708 feet. 
In 1931—The Kill Van Kull Steel Arch Bridge, 
span 1652 feet. 
In 1931—The George Washington 
Bridge, span 3500 feet. 
In 1933, under construction—The Golden Gate 
Suspension Bridge, span 4200 feet. 
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before the products reach the consumer’s kitchen. 
Sea-foods distributed “fresh” are likely to be any- 
thing but fresh by the time they reach the ultimate 
consumer. Bacterial and chemical decomposition sets 
in as soon as most sea-foods are taken from the water. 
Quick-frozen perishables, on the other hand, are 
scientifically and sanitarily cleansed, dressed and 
packaged at the earliest possible moment after being 


harvested. They are then quick-frozen in the pack- 
ages and are not allowed to thaw until they reach the 
ultimate consumer. Moreover, these packaged, quick- 
frozen foods are never touched by human hands dur- 
ing the process of distribution, nor are they subject 
to contamination from dust or any other outside 
source. In sanitary requirements they are overwhelm- 
ingly in advance of unfrozen perishables. 
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WHENCE CAME THE CALCULUS? 


(Continued from page 115) 


be generated by continuous motion; thus a line is 
generated by the motion of a point, a surface by that 
of a line, a solid by that of a surface. The quantity 
thus generated was defined as the fluent, or flowing 
quantity. The velocity, or rate of change of the 
magnitude, was the fluxion of the fluent. The so- 
called “method of limits? is frequently attributed to 
him, but he never adopted the pure method of limits 
in constructing the calculus. He merely established 
in his Principia certain principles which are applicable 
to that method, but which he used for a different 
purpose. 

Ten years after Newton first experimented with the 
calculus, Gottfried Wilhelm Leibniz (1646-1716) also 
evolved a method of infinitesimals. He first de- 
duced some of the simplest integrals, and introduced 
our present system of symbols, in effect; within three 
years he was able to give correct rules for the dif- 
ferentiation of sums, products, quotients, powers, and 
roots. 

The early distinction between the systems of New- 
ton and Leibniz is this, that Newton used the in- 
finitely small increment as a means of determining 
the fluxion, while with Leibniz the relation of the 
infinitely small increments is itself the object of de- 
termination. 

Finally, in 1684, nine years after the new calculus 
had first dawned upon Leibniz, and nineteen vears 
after Newton had first worked at fluxions, the Ger- 
man mathematician published a short and abstruse 
paper on the differential calculus. Even this was 
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given to the world only because he feared that his 
rival, Tschirnhaus, might claim as his own and pub- 
lish the rules of the calculus. 

For several years after the publication of his paper, 
Leibniz enjoyed unmolested the honor of inventing 
the calculus. Indeed, in the first edition of his Prin- 
cipia, Newton included a very favorable opinion of 
Leibniz’s work and admitted his claim to an indepen- 
dent invention of the method. In 1699, a Swiss mathe- 
matician, de Duillier by name, made the first distinct 
intimation of plagiarism. This was the signal for a 
storm of controversy, which involved first the friends 
of the two claimants, and then succeeded in forcing 
into the quarrel the two great men themselves. The 
controversy is especially to be regretted because of 
the long and bitter alienation which it produced be- 
tween English and Continental mathematicians. Eng- 
land was notably harmed by the acrimonious argu- 
ment, being prevented by national prejudice for a full 
century and more from an impartial opinion of the 
matter and a knowledge of the brilliant mathematical 
discoveries being made on the Continent. 

The quarrel nevertheless has its humorous side. 
The argument between the respective proponents of 
Newtonian and Leibnizian calculus led to a series of 
defiance problems issued by one side with the purpose 
of confounding the other. The most unfortunate of 
these was the problem proposed by Keill, a New- 
tonian, to John Bernoulli, a supporter of Leibniz, 
namely, to find the path of a projectile in a medium 
offering a resistance proportional to the square of the 
velocity. Bernoulli resolved the question in a short 
while, not only for resistances proportional to the 
square, but to any power of the velocity. He then 
demanded that Keill produce a solution. The Eng- 
lishman, however, had neglected to test his own 
ability before issuing the challenge and was unable to 
give the answer, thus providing Bernoulli with an 
opportunity to abuse him and cruelly exult over him. 

It is now admitted by nearly all familiar with the 
matter that Leibniz was an independent inventor, 
though it is beyond question that Newton first de- 
vised the calculus. 
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TALK FOR TRAINS 


On a track near Schenectady, a few weeks ago, 
several visiting trade-journalists sat in a test car. 
From a loudspeaker in this car came a running 
stream of information. The voice was that of a G-E 
engineer in a ‘“‘station”’ a half-mile down the track. 


Sample remarks: 


“Believing that we could help railroads to speed the 
movement of freight trains, G.E. has now produced 
this device — a new system of communication. 
It’s not radio, but, in principle, direct telephony. 
It’s a distant cousin of the carrier-current communi- 


cation that power companies use. They talk over 


the power lines; we use the rails, plus any wire line 
along the track. Now, the man in the caboose can 
talk with the man in the cab. It also works between 
trains up to 5 miles apart, and between trains and 
stations. Loudspeaker reception overcomes the 
train noises. Can you hear me all right?”’ They could. 
Dr. Ernst Alexanderson, a G-E Consulting Engi- 
neer, is responsible for this development. He is a 
1900 graduate of the Kungliga Tekniska Hogskolan, 
Stockholm, Sweden. Incidentally, a partial indica- 
tion of his versatility in engineering design will be 
found in the U.S. Patent Office, through which he 
has been granted more than 200 patents. 


A RONTGEN WARRIOR 


For the doctors who are waging continuous warfare 
against the dread, lurking specter of cancer, G-E 
research men believe they have provided another 
shining sword. Again they have produced the most 
powerful x-ray tube ever built—this time, for 
continuous operation in practical cancer therapy 


at the Mercy Hospital, Chicago. Dr. E. E. Charlton, 
Grinnell College, 13, is the man who directed the 
production of this tube. 


The giant tube (brother under the glass to those in 
your radio) measures more than 14 feet in length, is 
rated 800,000 volts, will treat patients in a fraction 
of the time required by the last “most powerful” 
one, has x-ray radiation equivalent to $75,000,000 
worth of radium (if there is that much!) and needs 
20 gallons of Lake Michigan’s coldest water every 
minute to keep cool. 

It’s a pleasure to make good motors and good lamps. 
It’s a greater pleasure to help alleviate human ills— 
all in the line of duty! More tubes are on the way. 


SMOKE IN THE EYE 


An eye in the stack is worth two on the ground. 
So thought G-E engineers as they finished mulling 
over the smoke-nuisance problem of power and 
heating plants. 

A light source and a photoelectric-relay unit were 
installed in stacks in Chicago and New Jersey. 
They are so arranged that when the stack is clear, 
light falls on the phototube; a meter or recording 
instrument registers zero smoke density. As the 
density increases, the phototube receives less light 
and indicates an increase in density. An adjustable 
electric contact is provided to operate an alarm. 
(A running record of the amount of smoke passed 
up the stack could be obtained by adding a recorder.) 
Thus, the “electric-eye,” which is not affected by 
cinders and is never closed in sleep, has found 
another way to be of service. 

Two G-E engineers, W. R. King and Pieter Juchter, 
developed this new smoke-density indicator. King is 
a ’28 graduate of the U. of Kentucky, and NR 
Juchter a ’24 graduate of the Eidgenossische cv 
Technische Hochschule, Ziirich, Switzerland. 
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